There is a significant number of data confirming that the maintenance of calcium homeostasis in a living cell is a complex, multiregulated process. Calcium efflux from excitable cells (i.e., neurons) occurs through two main systems -an electrochemically driven Na + /Ca 2+ exchanger with a low Ca 2+ affinity (K 0.5 = 10-15 mM), and a plasmalemmal, specific Ca 2+ -ATPase, with a high Ca 2+ affinity (K 0.5 < 0.5-1 mM), whereas in nonexcitable cells (i.e., erythrocytes) the calcium pump is the sole system responsible for the extrusion of calcium ions. The plasma membrane Ca 2+ -ATPase (PMCA) is a ubiquitously expressed protein, and more than 26 transcripts of four PMCA genes are distributed in a tissue specific manner. Differences in the structure and localization of PMCA variants are thought to correlate with specific regulatory properties and may have consequences for proper cellular Ca 2+ signaling. The regulatory mechanisms of calcium pump activity have been studied extensively, resulting in a new view of the functioning of this important molecule in the membranes.
). The studies reviewed in this paper describe some modulatory mechanisms that could be of physiological and pathological importance.
PLASMA MEMBRANE Ca 2+ -ATPase
ISOFORMS IN EXCITABLE AND NONEXCITABLE CELLS
In a number of cell types Ca 2+ -ATPase has been shown to be associated with membrane structures named caveolae that are thought to be involved in multiple signal transduction events at the cell surface [8] . These caveolae represent a dynamic cell surface-membrane system. Moreover, some cellular elements of calcium-dependent machinery i.e., IP 3 receptors, calmodulin and nitric oxide synthase are concentrated in caveolae. Thus, the specific PMCA localization appears to be primarily related to the involvement of Ca 2+ signaling in the regulation of transduction and adaptation mechanisms.
As found with other ion pumps, Ca 2+ -ATPases form a multigene family.
Plasma membrane calcium pump isoforms are encoded by 4 different genes named pmca 1, pmca 2, pmca 3 and pmca 4, and due to alternative mRNA splicing more than 26 variants can exist (Table 1 ) [8] [9] [10] . Based on functional studies it has been shown that these isoforms and variants differ in their regulatory properties. In human chromosomal localization of the pmca genes has been described ( During the last years, using molecular biology techniques, in situ hybridization and isoform specific monoclonal antibodies it has been demonstrated that mRNAs and PMCA proteins were nonuniformly distributed in different regions of human, mouse, rat, pig and gerbil brains [13] [14] [15] [16] [17] [18] [19] . The amounts of PMCA 2 and PMCA 3 were similar to those of PMCA 1 and PMCA 4, however, there were some subtle differences among brain areas. Recently, it has been reported that PMCA pump is present in mammalian glial cells [20] . The amounts of PMCA 1 and PMCA 4 isoforms in astrocytes were comparable to those found in neurons, whereas the amount of PMCA 2 was lower. 
PHOSPHORYLATION PROCESSES IN THE REGULATION OF CALCIUM PUMP ACTIVITY
Now it is well-established that nearly all events of cell functioning are regulated by reversible protein phosphorylation. The genomes of higher eukaryotes encode approximately 2000 and 1000 protein kinases and phosphatases genes, respectively, corresponding to 3% of the genome [25] . Serine and threonine are the major amino-acid residues phosphorylated in cells. In contrast, the level of tyrosine phosphorylation is below 0.1% of serine/threonine phosphorylation [26] . Reversible phosphorylation of serine and threonine has been demonstrated to regulate the activity of a number of membrane enzymes.
Calcium pump has also been identified as a target for protein kinases actions. The C-terminal part of Ca 2+ -ATPase is a multifunctional regulatory region, and contains an 
MEMBRANE EFFECTS OF REACTIVE OXYGEN SPECIES ON CELL IONS HOMEOSTASIS
Under normoxic conditions a number of biochemical reactions generate reactive oxygen species (ROS) which are neutralized by the antioxidant defense systems. The excessive production of ROS results in enhanced oxidation of cellular biomolecules, including lipids, DNA, proteins and amino acids [54] . Recent studies have indicated that the ROS-dependent oxidative modification of biological membranes is particularly more pronounced during hypoxia-ischemia cell injury [55] . Using different models it has been documented that increased reactive oxygen species production could propagate an oxidative cascade in cells. For example, a hypoxic tissue underwent lipid peroxidation 5 times faster than a normoxic tissue, and the level of thiobarbituric acid reactive substances (TBARS) was three times higher in the hypoxic tissue [56] . Peroxidation of membrane lipids results in changes in fluidity and permeability, which can also affect functioning of membrane proteins. Structural rearrangement of membrane proteins is frequently correlated with increased amounts of disulfide bonds, carbonyl groups, and nitro-or aminotyrosine formation [57, 58] .
Several essential proteins are known to be particularly sensitive to oxidative modifications, including ion channels, Na + , K + -ATPase, and glucose and glutamate transporters (for a review see [59] significant cross-linking of PMCA molecules has been detected, as well as diminished calcium pump activity [66] . In another study the Ca 2+ -dependent ATPase activity in synaptosomal plasma membranes was significantly depressed following peroxidation of membrane lipids [61] . Thus, the decreased activity of calcium pump after ROS exposure could result from both the alteration of the lipid environment and direct modification of the polypeptide chain.
CONCLUSION
In addition to a number of well-documented regulatory mechanisms of plasma membrane Ca 2+ -ATPase, the action of protein kinases and phosphatases, modulatory effect of some neuroactive steroids, and modification of calcium pump function by reactive oxygen species appear to be important from the physiological and pathological points of view. These regulatory mechanisms could be specifically coupled to distinct signaling pathways in excitable and nonexcitable cells. Moreover, interdependence between different regulatory modes of plasma membrane calcium pump may be essential for the complex Ca 2+ signaling. 
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